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Summary. Some biochemical properties of a new red cell human carbonic anhydrase 
variant, CA Ih Hiroshima, have been determined. Evidence is presented that the amino acid 
substitution in the Japanese variant is not the same as the previously characterized CA Ic 
variant from Guam of similar eleetrophoretie mobility. Based on a comparison with the normal 
CA I isoenzyme, a proposal for the site of the amino acid substitution is presented. 
There currently ,exist in the literature several examples of independently ascer- 
tained electrophoretie variants of serum and erythrocyte proteins which demon- 
strate apparently identical mobility during starch gel electrophoresis. Such vari- 
ants, observed across a number of human populations, are of special interest to 
human geneticists. From the standpoint of understanding population dynamics, 
it is important to determine whether such "electrophoretieally identical" variants 
represent the same amino acid alteration in the protein, in which ease a common 
origin with dispersion by migration is the probable explanation, or whether a 
variety of different substitutions have resulted in variants with the same eleetro- 
phoretic mobility. The latter situation would suggest multiple independent origins 
through mutation. 
Recently we have observed an electrophoretic variant of human red cell car- 
bonic anhydrase I (CA I), designated CA Ih Hiroshima, which appeared to have 
an eleetrophoretic mobility nearly identical to the previously reported CA I vari- 
ant, CA Ic (Tashian et al., 1963; Lie-Injo, 1967; Lie-Injo and Poey-Oey, 1970; 
Lie-Injo et al., 1971). These reports document the occurrence of the CA Ie variant 
at low frequencies in both mongoloid (Java, Malaysia and U.S. Filipinos) and 
Oceania (Mariana Islands) populations. I t  was therefore of importance to de- 
termine if the CA Ih Hiroshima variant represented a distribution of the CA re 
allele into the Japanese population or alternatively, if it represented a new genetic 
variant of CA I. We have undertaken to chemically characterize the Japanese 
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va r i an t  and  to  compare  our resul ts  to  those prev ious ly  r epor ted  for the  CA Ic  
Guam va r i an t  (Tashian et  ai., 1966). 
This communica t ion  describes an ini t ia l  chemical  charac te r iza t ion  of the  J a p a -  
nese carbonic  anhydrase  variant,  using the  techniques  of  pep t ide  mapping ,  hea t  
dena tu ra t ion ,  and  azosul fonamide difference spectra .  
Materials and Methods 
The Japanese CA I variant was initially detected during a survey of individua]s who are 
part of the Radiation Effects Research Foundation Adult Health Study in Hiroshima and 
Nagasaki, Japan. From one of the individuals, presenting the variant pattern, an additional 
40 ml of whole blood was drawn and used for these biochemical characterization studies. 
From this sample approximately 5 mg of purified variant protein was obtained using the 
techniques described below. 
Neoprontosil, 7-acetamido-2,-(41-sulphamyl phenylazo)-l-hydroxynaphthalene-3, 6-disul- 
phonate, was obtained from Winthrop Laboratories, New York. All other chemicals were 
reagent grade and supplied by the Sigma Chemical Company. 
Purification of the variant enzyme was carried out using the affinity chromatography 
method of Osborne and Tashian (1975). This was followed by ion exchange chromatography 
using a CM-32 column. The latter column was required to separate the purified CA Ih from 
normal CA i. The concentration of the purified enzymes was determined by measuring the 
extinction at 280 nm and employing a molar absorbance value of 4.8 × 10 ~ liter mole-lcm -1. 
Standard two dimensional fingerprint techniques (Tashian at al., 1966) were employed in 
an attempt to determine the site of the amino acid substitution. After spraying the paper 
with diluted ninhydrin the variant peptide was eluted with 0.1 N I-IC1 and the standard amino 
acid composition determinations made. 
Difference spectra, between free and enzyme bound Neoprontosil, were determined using 
a Beckman Aeta I I  recording spectrophotometer. Heat denaturation results were determined 
by incubation of the enzyme in a thermostated glass vessel with the monitoring of enzyme 
concentration by a sulfonamide binding assay. Both of these methods have been fully 
described (Osborne and Tashian, 1974). 
Results and Discussion 
Ueda  (1974) has prev ious ly  r epor ted  de tec t ing  two examples  of  the  CA I h  
Hi rosh ima  va r i an t  in a group of 1200 Japanese .  A recent  ex tens ion  of  these  
in i t ia l  s tudies has resul ted  in ascer ta in ing two addi t iona l  examples  to  a t o t a l  
su rveyed  popu la t ion  of  3969 (Ueda et  al., in manuscr ip t ) .  
Al l  4 p ropos i ta  were Hi rosh ima  adul t s  born  pr ior  to the  a tomic  bombing.  
A review of the  J apanese  Kosek i  records  of these  l individuals ,  ex tend ing  back  
three  generat ions ,  revealed  no common ancestor .  The  ca lcula ted  gene frequency,  
0.0005, is a t  the  low end of  the  gene frequencies for h u m a n  CA I va r i an t s  r epor t ed  
b y  Tash ian  and  Car ter  (1976) for several  h u m a n  populat ions .  L ie - ln jo  a n d  
co-workers have  r epor t ed  a much  higher  gene frequency,  0.003, for the  CA Ie  
va r i an t  in mongolo id  popula t ions  of the  southern  Pacific region. To date ,  there  
has been only  one o ther  r epor ted  survey  of the  J apanese  popu la t ion  for va r i a t ion  
of  red  cell CA I (Sui jama and Umeda ,  1970). These inves t iga tors  su rveyed  some 
2000 ind iv idua ls  in Nagasaki ,  J a p a n  and  observed no e lec t rophore t ie  va r i an t s  of  
CA I.  This is in agreement  wi th  the  findings of  Ueda  et  M. (in manuscr ip t )  t h a t  
no e lee t rophoret ie  va r i an t s  were de tec ted  dur ing  a recent  screening of  indiv iduals  
from t h a t  area.  
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Thermal Stability 
The results of the thermal denaturation studies are shown in Figure 1 and 
indicate that  CA Ih is less stable than normal CA I, with first order rate constants 
for denaturation of 3.7 × 10-as -1 and 2.5 × 10-4s -1 respectively. Two other CA I 
variants, CA I f  London and CA Id  Michigan, have previously been tested (Osborne 
and Tashian, 1974) and have first order rate constants for denaturation at 57°C 
of 3.5 X 10-as -1 and 1.9 × 10-4s -1 respectively. Thus, the Hiroshima variant fol- 
lows the more general pattern of being less stable than the normal isoenzyme, 
and in this ease having a heat stability similar to that  of CA If  London. 
The instability of CA Ih was observed, during the course of this work, in yet 
another way. Following starch gel electrophoresis of chloroform-ethanol extracted 
material, visual comparison of the intensity of the normal CA I and CA Ih  bands 
stained with amido black suggested about equal amounts of normal and variant 
material. However, during the isolation procedure it appeared the CA Ih  was 
unstable as evidenced by approximately a 5-fold loss of material relative to normal 
CA I. This apparent instability occurred despite routine precautions taken to 
prevent protein denaturation. 
Azosulfonamide Difference Spectra 
This technique involves measuring difference spectra using Neoprontosil, an 
azosulfonamide, which is a specific non-competitive inhibitor of carbonic an- 
hydrase (Coleman, 1968). The absorption profile, primarily located in the visible 
spectrum, is altered upon binding to carbonic anhydrase and thus can be used 
to quantitatively estimate the enzyme concentration (Osborne and Tashian, 1974) ; 
also, changes in the active site cavity may be reflected in an altered absorption 
profile. 
In Figure 2 are shown the difference spectra of CA I and CA Ih. I t  can be seen 
that  CA Ih  has a very different spectra relative to CA I, the difference molar 
extinction coefficierxt at 490 nm being 5 × 10 a 1 mole -1 em 1 for CA Ih  and 7.7 × 10al 
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Fig. 1. Heat degradation of normal CA I (°) and CA Ih Hiroshima (o) at 57°C in 10ram 
ttEPES buffer at pH 8.0 
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Fig. 2. :Difference spectra at pI-I 7.5 of the Neoprontosil complexes of normal CA I ( ) 
and CA lh Hiroshima (- - -). These spectra were done at 25°C using 0.1M HEPES, pH 7.5. 
The following enzyme concentrations were used: CA I 22 aM and CA Ih 24 ~,M. In both cases 
the spectral difference is between free and protein bound inhibitor 
molar extinction values the same as the normal. No comparable data exist for 
the CA Ic variant.  
Tryptic Peptide Patterns 
The standard tryptic fingerprint techniques used in this s tudy provided no 
evidence of the Arg-Arg dipeptide characteristic of the CA Ic Guam variant. Further- 
more, the corresponding Gly-Arg dipeptide seen in tryptic digests of normal CA I, 
was present in the fingerprints of CA Ih  Hiroshima. These observations in them- 
selves provide evidence tha t  the Japanese and Micronesian (CA Ic Guam) variants 
are the result of different amino acid substitutions. 
However, comparison of paper fingerprints of highly purified normal and variant  
material revealed the presence of a new strongly ninhydrin positive spot in the 
fingerprint of CA Ih  It iroshima (Fig. 3). We were unable to identify the absence 
of a corresponding peptide in a normal fingerprint. The new peptide was isolated 
from the fingerprint and the amino acid composition determined. The composition 
results suggested this new peptide was comprised of one residue of serine and one 
residue of lysine ; based on the mechanism of action of trypsin this would mean 
the sequence is Ser-Lys. After reviewing the published sequence of human CA I 
(Andersson et al., 1972), and by assuming the substitution is the result of a single 
nucleotide replacement, there is clearly only one position in the sequence which 
could give rise to a Ser-Lys depiptide. This unique position is residue 16 which 
is a t ryptophan in the normal enzyme, and we propose, on the basis of our results, 
tha t  this has been replaced by an arginine in the CA Ih molecule. At this time, 
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Fig. 3. Tryptic peptide pattern of normal human red cell carbonic anhydrase t showing the 
location of the single variant peptide found in the CA Ih material 
the other examples of the CA Ie variant  have not been characterized to the point 
where the amino acid substitution has been determined. Thus, it is not known if 
they represent additional examples of the Guam variant  or additional examples 
of the Japanese variant.  Also possible is tha t  they are the result of a unique 
amino acid substitution corresponding to neither of the above two. 
The above proposal is consistent with the observed migration behavior on 
starch gel electrophoresis, and furthermore correlated with observations made 
during the difference spectra experiments. I t  should be pointed out tha t  changes 
in the Neoprontosil difference spectra of the var iant  could be due to underestima- 
tion of protein concentration, changes in the active site area, or a combination 
of both. The proposed substitution would have a combined effect because trypto-  
phan contributes greatly to the 280 nm extinction of proteins (Edelhoch, 1967), 
and therefore the substitution at position 16 Wrp --~ Art would result in the under- 
estimation of protein concentration. :Further, Trp 16 is part  of the aromatic cluster 
I, seen in the X-ray  structure work, and is known to be close to the active site 
region (Notstrand et al., 1975). Thus, altered binding of the ligand, due to the 
substitution, could easily contribute to the observed differences. 
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